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Introduction and outline
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● Our talks on this topic at SM EWK meetings are 1, 2.
● EXOT analysis closure talk was given last week, link.

5.2(5.1)𝝈 of observed(expected) significance obtained.
● SM Z(𝝊𝝊)𝝲 VBS analysis (close to SM approval) shows ~4𝝈 

of the expected significance.
● Since the signal extraction regions are independent, we are working on the 

combination.

● So the aim of this talk is to discuss the preliminary combination results and 
possible issues.

https://indico.cern.ch/event/974063/contributions/4101694/attachments/2142945/3611375/Zgjj%20%2B%20Exot%20meeting%2013.10.2020-mod.pdf
https://indico.cern.ch/event/1010000/contributions/4243756/attachments/2198304/3717142/Zgjj_Exot_comb_26.02.2021.pdf
https://indico.cern.ch/event/1010693/contributions/4241462/attachments/2196993/3714831/SMEWKZg_approval.pdf


Main selections and backgrounds (SM analysis)
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Preselections: Additional selections to construct SR and 3 CRs:

Data-driven backgrounds:                                        
● e→𝝲   (mainly from W[e𝝂]),                                           
● jet→𝝲   (mainly from Z[𝝂𝝂]+jet),
● fake ET[miss]   (mainly from 𝝲+jet)

together constitute ~13% of the total yield
(see next slide for the methodologies)

Backgrounds estimated from the fit in CRs:
● QCD Z(𝝂𝝂)𝜸   (using Z𝜸 CRs)
● W(l𝝂)𝜸, tt𝜸   (using W𝜸 CR)

Directly from MC:
● Z(ll)𝜸   (<1% of the total event yield)

(AntiKt4Topo)
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Main selections (EXOT analysis)



Fit setup overview (SM analysis)
Templates:

● mjj in the control regions
● BDT classifier response in the signal 

region

To account for limited MC statistics there 
is also an NP for every bin with MC stat 
error > 5%

The fit is performed in 3 steps:
1. Fit MC to data in CRs with μ(ZγQCD) and μ(Wγ) as parameters of interest (POI).
2. Use fitted parameter values (norm.coef + NPs) to create Asimov pseudodata.
3. Fit MC to Asimov pseudodata in all regions with μ(ZγEWK) as POI and obtain the estimated 

median discovery significance.

SR ZγQCD CR 1 ZγQCD CR 2 Wγ

μ(ZγEWK) v v v
μ(ZγQCD) v v v
μ(Wγ) v v v v

Sample Norm. coef
Systematic uncertainties

Designated Common
Zγjj EWK mu(ZγEWK), POI Theory, interference

Experimental

Zγjj QCD mu(ZγQCD) Theory
Wγ EWK

mu(Wγ)
Theory

Wγ QCD Theory
ttγ Theory

Z(ll)+γ Theory

e -> γ Data-driven flat

j+γ Data-driven flat

j->γ Data-driven flat
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Regions definition and fit setup (EXOT analysis)

So the setups were well harmonized between analyses.



Theoretical systematic uncertainties
1 NP per combination of sample 
and systematic, e. g. α(ttγ UE+PS), α
(WγQCD alt PDF set), except for 
scale.

Scale:
4 NPs per sample for:

● Wγ CR
● ZγQCD CR1
● ZγQCD CR2
● SR

 Modelling
Zγ QCD - Difference between MadGraph and Sherpa samples was taken as modelling, Sherpa used  
as a central value.
Wγ QCD - no alternative sample available, made by with the ZgQCD modelling systematic relative 
uncertainties (see backup for more info)
ttγ - only fastsim alternative sample available, made by comparing fastsim nominal sample with 
fastsim alternative sample

Zγjj QCD and Wγ QCD scale uncertainties are omitted since they only affect the normalization and 
tend to double the designated normalization coefficients in the likelihood model. 7

Modelling
Scale Alt. PDF set NNPDF + αsUnderlying Event + 

Parton showering
Sherpa vs MG

Zγjj EWK v v v v

Zγjj QCD v v v

Wγ EWK v v v v

Wγ QCD v v v

ttγ v v v

Z(ll)+γ v v v



Zγjj EWK and QCD interference as systematic uncertainty
The interference between Zγjj EWK and QCD 
processes is treated as systematic uncertainty  
for the Zγjj EWK in 3 regions:

● ZγQCD CR 1
● ZγQCD CR 2
● SR

1 NP for all 3 regions

+σ Zγjj EWK + interference
Nominal Zγjj EWK
-σ Zγjj EWK + interference

8
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Theory uncertainties (EXOT analysis)
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Theory uncertainties correlation model (EXOT analysis)



Experimental systematic uncertainties
1 NP per systematic type for every background estimated from 
the MC, e.g. α(JET_EffectiveNP_Detector1)

Type Set
JES 30 NPs, CategoryReduction
JER 8 NPs, SimpleJER
MET 3 NPs
e/γ 2 NP, “1NP set”
Muon 10 NPs
e efficiency 3 NPs
γ efficiency 2 NPs
Trigger efficiency 1 NP
JVT efficiency 1 NP
PRW 1 NP
Luminosity 1 NP
Pile-up bkg 1 NP

Every background with data-driven estimations also have an NP for their estimated systematic 
(see slide 5) which results in 3 more NPs
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Flat 1.9% systematic to account for pile-up 
background event yield

The systematics are prunned using the following rules.
● The normalization part is dropped if the total effect on the 

event yield is < 1%
● The shape part is dropped if there’s no bins with effect on the 

event yield is > 1%
See backup for more info



Fit results
Background only fit

Asimov data fit

μ(ZγEWK) 1.04+0.27
-0.25 (stat)+0.24

-0.17 (syst)
μ(ZγQCD) 1.08 ± 0.08 (stat)+0.16

-0.17 (syst)
μ(Wγ) 1.09 ± 0.04 (stat)+0.20

-0.14 (syst)

Expected median significance:
3.8 σ

12



Systematic uncertainties ranking and correlations

13
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Fit results (EXOT analysis)

Observed(expected) 
significance: 5.2(5.1)𝝈 
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Discussion

Differences that we currently see:
- AntiKt4Topo vs PFlowJets jets. Actually there are combinations of 

analyzes with different jet collections in ATLAS.
- Simple JER vs Full JER. The impact of JER systematics on the final result 

is small.
- We are correlating alpha_JET_JER_EffectiveNP_{1..6}, 

alpha_JET_JER_DataVsMC_MC16 between analyses.
- JET veto. EXOT analysis has jet veto (only events with 2-3 jets are 

allowed), SM analysis doesn’t have jet veto. 

If you see any other possible problems/issues - it would be very useful for 
us!
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Combination

We are combining two workspaces using workspaceCombiner tool.

Same systematics in different workspaces are described by the same NPs.
● Data-driven background NPs are not correlated (different methods):

SinglePhotons, ZnunuIsoGap, WenuSyst (SM)
JetFakePh*, GJet*, EFakePh* (EXOT)

● Also not correlated NPs:
TriggerEff, PileUpBkg, ttgam_mur2_muf1_*  (SM)
xeSFTriggerWeight, renofact_* (EXOT)

Since the triggers are different, pile-up background is not significant in 
EXOT study.
Scale uncertainties were removed in SM analysis, since they are flat and 
can be fully accounted by normalizations. More details in backup.
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https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/WorkspaceCombiner


SM pulls plot for combination
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EXOT pulls plot for combination
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Combination
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Combination
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Combination
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ke1 = 0.748487 +/- 0.348663 (limited)
ke2 = 0.49387 +/- 0.385764 (limited)
ke3 = 0.119505 +/- 0.221266 (limited)
ke4 = 0.187899 +/- 0.178368 (limited)
mu_EWK =1 +/- 0.180418 (limited)
mu_QCD = 1.07007 +/- 0.149665 (limited)
mu_Wg = 1.0381 +/- 0.116488 (limited)
Observed pValue: 1.48207e-10
Median test stat val: 44.9834
Median significance: 6.70696
Median pValue: 9.93583e-12

Large pull
JET_EffectiveNP_Modelling1 - 0.524852 +\- 0.935979 (mostly from EXOT WS)
ttgam_mur2_muf1_Wg - 0.549696 +\- 0.896381 (from SM WS)
ttgam_mur2_muf1_ZgQCD_1 - -0.593573 +\- 0.95735 (from SM WS)

Over constrained
renofact_Wg_strong_bin1 - 0.208557 +\- 0.553312 (from EXOT WS)
renofact_Zg_strong_bin1 - -0.222028 +\- 0.620581 (from EXOT WS)

Expected 
significance=6.7𝝈



Combination
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Current issues
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1) Decide on the scale systematics model: no systematics/decorrelated 
between regions systematics/correlated among the regions systematics

2) TReXFitter somehow gives a bit different results in case it was used for all 
steps or its Workspace was fitted independently

- We’ve temporarily solved the problems with NPs 
(pulls/underconstraints) by smoothing them.

- However mu_EWK is not 1, if SM workspace is used outside.

Feedback
● To check different schemes of JER NPs correlations
● To check impact of custom calculation of jet flavor uncertainty in EXOT 



Current issues (SM)

25SM EWK plenary 03 March 2021

Mismodelling?
Of Z𝝲 QCD only or both Z𝝲 QCD and W𝝲 QCD?



Current issues (SM)

26SM EWK plenary 03 March 2021

Andy Pilkington: By topologically similar, I mean that the jet pt cuts are the same and that the pt of the Wy system is 
forced to be similar to the pt of the Zy system (i.e. you have a cut on photon pt and MET>XGeV, which can be 
mimicked in the Wy CR by requiring pt(lep+MET)>XGeV). If it is topologically similar then you expect the same 
mismodelling in both regions.



Back-up slides
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Theory uncertainties (EXOT analysis)
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Theory uncertainties (EXOT analysis)
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Plans (EXOT analysis)
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jet→γ misID background I: correlation factor
Source: Z(νν)+jets and multi-jet processes.
Background is estimated from data using 2D-sideband method: 
Photon isolation and identification variables are used to construct the sidebands.

iso gap = 2 GeV

FixedCutTight:

A: tight, ET
cone40 - 0.022 pT

γ < 2.45 [GeV]
B: tight, 2.45 + gap < ET

cone40 - 0.022 pT
γ < 29.45 [GeV]

C: non-tight, ET
cone40 - 0.022 pT

γ < 2.45 [GeV]
D: non-tight, 2.45 + gap < ET

cone40 - 0.022 pT
γ < 29.45 [GeV]

pT
cone20/pT

γ < 
0.05

without upper cut 

Non-tight: at least one of the cuts on the 
following variables should fail in these:

Correlation is measured in data and MC by                     .
(relaxed selections) 

D
ata

M
C

with upper cut 

Used as nominalBest agreement 
Smallest correlation

Unstable

Isolation should not 
correlate with non-tight ID!



The number of events arising in each of the 
regions:

(N~
i
 - data N

i
 with subtracted N

i
bkg)

iso gap = 2 GeV The signal leakage parameters:

MC

41

jet→γ misID background II: estimation technique



➢ Statistical uncertainty: 
● The event yields of four regions in data and non jet → γ background are varied by ±1σ independently. 
● The statistical uncertainty on the signal leakage parameters is 3%.

Total statistics: 60%.

➢ Systematic uncertainty: 
● Anti-tight definition and isolation gap choice – variations of ABCD region determination for ±1σ changes in data yield (23%).
● Uncertainty coming from the signal leakage parameters is obtained via using two different parton shower models (0%).

● The iso/ID uncertainty on reconstruction photon efficiency δeff
iso/ID (9%):

Total systematics: 25%.
★ Resulting number of jet→γ events in Zγ inclusive region is               . Z(νν)+jets and multi-jet MC predict 7±2 events.42

jet→γ misID background III: uncertainties

iso gap = 2 GeV

δeff
iso = 0.023 

δeff
iso/ID = 0.019
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jet→γ misID background IV: Zγ inclusive and signal regions

Statistical and systematic uncertainties 
of jet→𝛾 background estimation

The current uncertainty for this estimation covers all differences and should not be increased.

The extrapolation of jet→𝛾 background estimation from Zγ inclusive region to the signal region:

The shape of jet → γ background for 
normalization is taken from Zγ QCD.

Good agreement of the shapes.
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Electron misidentification as photon (e→γ)
Background estimation method:

1. estimating e→γ fake-rate as                                        ,

where Neγ, Nee − number of ee and eγ events in Z-peak 
mass window (MZ−10 GeV, MZ+10 GeV), 

Nbkg −  background in Z-peak mass window extrapolated 
from sideband with exponential pol1 or pol2 fit 
(more details below)
Wγ background rejection: ET

miss < 40 GeV
eγ pair selection:
signal region photon with pT>150 GeV (probe), selected Tight electron with pT>25 GeV (tag)

ee pair selection:
selected electron with pT>150 GeV (probe), selected opposite sign Tight electron with pT>25 GeV (tag)

2. building e-probe/incl. e-probe control region (CR): signal region/Zγ incl. region with selected Tight electron 
with pT>150 GeV instead of photon

3. scaling data distributions from e-probe CR/incl. e-probe CR on fake rate
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Since e→γ fake rate depends on η и pT it is 
estimated in three regions

fake rate is the same 
within uncertainty

|η|<1.37, pT<250 GeV

|η|<1.37, pT>250 GeV

1.52<|η|<2.37

finner division isn’t possible due to insufficient 
statistics for under Z-peak bkg subtraction

e→γ fake rate dependencies on eta and pT

There are no 
background 
subtraction 
under Z peak 
on the plots
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Background fit is extrapolated to Z peak mass 
window from both sides. Integrals under the fit 
function is this region give Nmin and Nmax
Average used as Nee

bkg 
in fake-rate calculation:

ee pairs

Background fit is extrapolated to Z peak mass 
window after the fit. Integral of extrapolated 
function in Z peak mass window is used as Neγ

bkg

Nmin and Nmax values are used as variations of Nee
bkg.  In eγ pairs extrapolation function parameters were 

varied by their statistical uncertainties one by one. Resulting integral of the function is used for variation 
of Neγ

bkg . Sum in quadrature of the largest variations of Nbkg
eγ and Nbkg

ee is taken as systematics.

egam pairs

e→γ: background under Z-peak

Systematics on bkg estimation under the Z peak is evaluated by variation of Nbkg values in ee and eγ pairs.

fit range
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e→γ: systematics and result

Percent of e-probe CR 
contamination is taken as additional 
systematic uncertainty: 1-2%
Contamination is determined as

Systematics on fake-rate estimation (ascending contribution):

● Z peak mass window size variation by σ 
● Background under Z peak evaluation
● Difference between "real fake rate" in Z(ee) MC and 

tag-and-probe method performed on Z(ee) MC 

Total background (e-probe region scaled by fake-rate):
Zγ inclusive region 97 ± 2 ± 4
Signal region 19.5 ± 0.8 ± 0.7

Total systematics in every region 
of fake-rate estimation combines 
fake-rate statistical unc., fake-rate 
systematics unc., systematics 
from contamination

Total systematics does not exceed 4.12%

First uncertainty is 
stat., second is syst.



Total event yields (pre-fit)
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Systematic uncertainties pruning. Experimental 1/2
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● The normalization part is 
dropped if the total effect on the 
event yield is < 1%

● The shape part is dropped if 
there’s no bins with effect on the 
event yield is > 1%



Systematic uncertainties pruning. Experimental 2/2
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● The normalization part is 
dropped if the total effect on the 
event yield is < 1%

● The shape part is dropped if 
there’s no bins with effect on the 
event yield is > 1%



Systematic uncertainties pruning. Theoretical
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● The normalization part is 
dropped if the total effect on the 
event yield is < 1%

● The shape part is dropped if 
there’s no bins with effect on the 
event yield is > 1%



Wg QCD modelling uncertainty
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● Since there are no alternative samples for WγQCD, the modelling uncertainty was created by taking relative 
uncertainties of Z(νν)γ QCD Sherpa/Madgraph comparison in every region.

● Zγ inclusive region is used to model the uncertainty in the Wγregion, since Z(νν)γ QCD has low statistics 
and fluctuations as high as 1000% in Wγregion



53SM EWK plenary 13 November 2020



54SM EWK plenary 13 November 2020



55SM EWK plenary 13 November 2020



56SM EWK plenary 13 November 2020



57SM EWK plenary 13 November 2020



Zγjj/Wγjj QCD scale uncertainties
Scale:
4 NPs per sample for:

● Wγ CR
● ZγQCD CR1
● ZγQCD CR2
● SR

 

Zγjj QCD and Wγ QCD scale uncertainties are omitted 
since they only affect the normalization and tend to 
double the designated normalization coefficients in the 
likelihood model.

However the EXOT analysis does have those 
uncertainties.

58

Scale

Zγjj EWK v

Zγjj QCD
Wγ EWK v

Wγ QCD
ttγ v
Z(ll)+γ v

When we try to include Zγjj QCD and Wγ QCD scale uncertainties with the same 4 NPs scheme we 
got unnatural NP pulls, μ(ZγQCD) shift and μ(ZγQCD) error increase.

Trying to combat those issues we’ve also tested the 1 NP scheme for all of the scale uncertainties (i.e. 
all of the regions are now “correlated”).



Zγjj/Wγjj QCD scale uncertainties
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No Zγ/Wγ scale unc.
Asimov data fit

μ(ZγEWK) 1.04+0.27
-0.25 (stat)+0.24

-0.17 (syst)
μ(ZγQCD) 1.08 ± 0.08 (stat)+0.16

-0.17 (syst)
μ(Wγ) 1.09 ± 0.04 (stat)+0.20

-0.14 (syst)

Expected median significance:
3.8 σ

With Zγ/Wγ scale unc., 4 NP
Asimov data fit

μ(ZγEWK) 1.04+0.28
-0.25 (stat)+0.26

-0.20 (syst)
μ(ZγQCD) 1.30 ± 0.08 (stat)+0.49

-0.33 (syst)
μ(Wγ) 1.09 ± 0.04 (stat)+0.19

-0.13 (syst)

Expected median significance:
3.6 σ


